Breast cancer is one of the most common malignancies among women worldwide; it is a complex polygenic disorder for which genetic factors play an important role in disease etiology (1,2). High-penetrance breast cancer susceptibility genes, such as BRCA1 and BRCA2, explain only a small fraction of breast cancers in the general population because of their low mutation rates (3). Since 2007, several genome-wide association studies of breast cancer (4-9), including one among Chinese women (9), have identified a number of genetic susceptibility loci that are associated with the risk of breast cancer. Most of these genome-wide association studies, however, were conducted among women of European ancestry, and many of the genetic risk factors identified to date have not been adequately evaluated in other populations.
Breast cancer is one of the most common malignancies among women worldwide; it is a complex polygenic disorder for which genetic factors play an important role in disease etiology (1, 2) . High-penetrance breast cancer susceptibility genes, such as BRCA1 and BRCA2, explain only a small fraction of breast cancers in the general population because of their low mutation rates (3) . Since 2007, several genome-wide association studies of breast cancer (4) (5) (6) (7) (8) (9) , including one among Chinese women (9) , have identified a number of genetic susceptibility loci that are associated with the risk of breast cancer. Most of these genome-wide association studies, however, were conducted among women of European ancestry, and many of the genetic risk factors identified to date have not been adequately evaluated in other populations.
Each of the genetic factors identified thus far is associated with only a small to moderate increased risk of breast cancer, and thus, it is unlikely that any single variant will have much meaningful utility for risk prediction. It is possible that a combination of variants may confer substantially increased risk of breast cancer and that such variants in combination with established (ie, traditional) risk factors could potentially be useful for identifying women at 
Background
Most of the genetic variants identified from genome-wide association studies of breast cancer have not been validated in Asian women. No risk assessment model that incorporates both genetic and clinical predictors is currently available to predict breast cancer risk in this population.
Methods
We analyzed 12 single-nucleotide polymorphisms (SNPs) identified in recent genome-wide association studies mostly of women of European ancestry as being associated with the risk of breast cancer in 3039 case patients and 3082 control subjects who participated in the Shanghai Breast Cancer Study. All participants were interviewed in person to obtain information regarding known and suspected risk factors for breast cancer. The c statistic, a measure of discrimination ability with a value ranging from 0.5 (random classification) to 1.0 (perfect classification), was estimated to evaluate the contribution of genetic and established clinical predictors of breast cancer to a newly established risk assessment model for Chinese women. Clinical predictors included in the model were age at menarche, age at first live birth, waist-to-hip ratio, family history of breast cancer, and a previous diagnosis of benign breast disease. The utility of the models in risk stratification was evaluated by estimating the proportion of breast cancer patients in the general population that could be accounted for above a given risk threshold as predicted by the models. All statistical tests were two-sided.
Results
Eight SNPs (rs2046210, rs1219648, rs3817198, rs8051542, rs3803662, rs889312, rs10941679, and rs13281615), each of which reflected a genetically independent locus, were found to be associated with the risk of breast cancer. A dose-response association was observed between the risk of breast cancer and the genetic risk score, which is an aggregate measure of the effect of these eight SNPs (odds ratio for women in the highest quintile of genetic risk score vs those in the lowest = 1.85, 95% confidence interval = 1.58 to 2.18, P trend = 2.5 × 10 215 ). The genetic risk score, the waist-to-hip ratio, and a previous diagnosis of benign breast disease were the top three predictors of the risk of breast cancer, each contributing statistically significantly (P < .001) to the full risk assessment model. The model, with a c statistic of 0.6295 after adjustment for overfitting, showed promise for stratifying women into different risk groups; women in the top 30% risk group accounted for nearly 50% of the breast cancers diagnosed in the general population.
Conclusion
A risk assessment model that includes both genetic markers and clinical predictors may be useful to classify Asian women into relevant risk groups for cost-efficient screening and other prevention programs.
J Natl Cancer Inst 2010;102:972-981 high risk of breast cancer who should be targeted for cost-efficient prevention strategies. However, to our knowledge, no study has quantified the risk of breast cancer associated with combinations of newly identified genetic risk variants and traditional risk factors.
The recent identification of multiple common genetic risk variants for breast cancer has raised the hope that these genetic markers could be used to improve the discriminatory accuracy of risk prediction models for this malignancy (10) . Although the improvement in risk prediction at the individual level has been shown to be moderate as measured using the c statistic (10), the utility of prediction models that include both genetic and traditional risk factors at the population level to classify women into relevant risk groups for cost-efficient cancer prevention measures has not been adequately quantified (11) . Multiple breast cancer risk prediction models have been established for American women (12) (13) (14) (15) (16) (17) (18) (19) , including one (18) that was evaluated in a small group of Asian Americans. To our knowledge, no risk prediction model exists for women who live in Asia, a population that has experienced a rapid increase in breast cancer incidence over the past few decades (20, 21) . Because the risk of breast cancer among women who live in most Asian countries remains much lower than that seen among women who live in North America and Western Europe, it is not cost-efficient, and may in fact be financially prohibitive in some Asian countries, to carry out a population-based breast screening program similar to programs that have been implemented in developed countries. Therefore, establishing a breast cancer risk assessment model for Asian women who live in Asia could have substantial public health implications for breast cancer prevention, particularly because more than 60% of the world's women live in Asia.
In this study, we systematically evaluated associations between the 12 single-nucleotide polymorphisms (SNPs) identified as risk variants in recent genome-wide association studies and the risk of breast cancer among Chinese women. We also investigated the cumulative risk of breast cancer associated with combinations of these risk variants. Furthermore, we established a risk assessment model that incorporates both newly identified genetic variants and traditional risk factors and evaluated the performance of this model in risk prediction at both the individual and the population levels.
Subjects and Methods

Study Population
The study subjects were participants in the Shanghai Breast Cancer Study (SBCS), a population-based case-control study that was conducted among Chinese women living in urban Shanghai, China. Detailed descriptions of the SBCS have been published elsewhere (9, 22) . Briefly, the SBCS included two recruitment phases. The initial phase of subject recruitment (SBCS-I) was carried out to recruit women who were newly diagnosed with breast cancer between the ages of 25 and 64 years during the period from August 1996 to March 1998. All study participants were permanent residents in urban Shanghai who had no history of cancer and were alive at the time of interview. Through a rapid case ascertainment system and the population-based Shanghai Cancer Registry, 1602 incident breast cancer patients were identified, of whom 1459 cONteXt AND cAVeAtS
Prior knowledge
Most of the genetic variants identified in genome-wide association studies of breast cancer conducted primarily among women of European ancestry have not been validated in Asian women. Consequently, no risk assessment model that incorporates both genetic and clinical predictors is currently available to predict breast cancer risk in this population.
Study design
Case-control study evaluating associations between the 12 singlenucleotide polymorphisms identified as risk variants and the risk of breast cancer among Chinese women participating in the Shanghai Breast Cancer Study as well as the cumulative risk of breast cancer associated with combinations of these risk variants. A risk assessment model that incorporates both newly identified genetic variants and traditional risk factors was developed, and its performance in risk prediction was evaluated.
Contribution
Eight of the 12 single-nucleotide polymorphisms were also associated with the risk of breast cancer among Chinese women. An aggregate measure of the combined effect of multiple genetic risk variants had moderate discriminatory accuracy by itself but in combination with established risk factors for breast cancer showed promise for stratifying women into high-vs low-risk groups.
Implications
Limitations
The moderate discriminatory accuracy provided by the full risk assessment model established in this study is inadequate for cancer diagnosis and screening. The absolute risk estimates provided by the model would be applicable only to populations with rates comparable to those of Shanghai.
From the Editors
(91%) completed an in-person interview using a structured questionnaire to obtain detailed information regarding demographic characteristics and known and suspected risk factors for breast cancer. Cancer diagnoses were systematically reviewed and confirmed by an expert panel for the study that included two senior pathologists. The vast majority of the breast cancer patients (>98%) were diagnosed with invasive cancer. Control subjects were randomly selected from the general female population of urban Shanghai by use of the Shanghai Resident Registry and were frequency matched to the cancer patients by age. In-person interviews were completed for 1556 control subjects (90.3% of those initially selected). Blood samples were obtained from 1193 case patients and 1310 control subjects who completed the interview (81.8% and 84.2% of case patients and control subjects, respectively, who completed the in-person interview). Eligibility criteria for control subjects were identical to those for case patients with the exception of breast cancer diagnosis (ie, 25-64 years old during the period from August 1996 to March 1998, permanent residents in urban Shanghai who had no history of cancer, alive, and completed an in-person interview).
The second phase of subject recruitment (SBCS-II) was conducted between 2002 and 2005 using a protocol similar to the one used during the initial phase. A total of 1989 eligible incident case patients diagnosed with breast cancer between April 2002 and February 2005 and 1989 community-based control subjects were recruited and completed an in-person interview using a structured questionnaire similar to the one used in the SBCS-I, corresponding to 83.7% and 70.4%, respectively, of those identified. The majority of SBCS-II study participants (1932 case patients and 1857 control subjects) provided a blood sample or an exfoliated buccal cell sample that was processed and stored at 70°C. These women, along with those who provided a blood sample in SBCS-I, were included in this study. In total, 3125 case patients and 3167 control subjects were eligible for the current study. All participants were measured for their current weight, height, and waist and hip circumferences. All interviews were tape-recorded and reviewed by the field supervisor and quality control staff to assess the quality of interview data. Institutional review board approval was granted by the Shanghai Cancer Institute, Shanghai Center for Disease Prevention and Control, and Vanderbilt University Medical Center. All study subjects provided written informed consent to participate in the study.
Genotyping Methods
Laboratory protocols for DNA extraction and genotyping in the SBCS have been described in detail elsewhere (9) . Briefly, genomic DNA for genotyping assays was extracted from buffy coat fractions of the blood samples or from exfoliated buccal cells. Of the 12 SNPs evaluated in this study, seven (rs2180341, rs3817198, rs3803662, rs2046210, rs1219648, rs2981582, and rs8051542) were included on the Affymetrix Genome-Wide Human SNP Array 6.0 (Santa Clara, CA) or on both the Affymetrix 6.0 and the Affymetrix GeneChip Human Mapping 500K Array Set. Because 4157 samples were previously genotyped using the Affymetrix 6.0 Array (1928 case patients and 1938 control subjects) or the Affymetrix 500K Array (145 case patients and 146 control subjects), genotyping data for these seven SNPs from these 4157 subjects were obtained from these SNP arrays. DNA samples for the remaining participants were genotyped for these seven SNPs by using the iPLEX Sequenom MassARRAY platform (San Diego, CA). For the remaining five SNPs (rs13387042, rs10941679, rs889312, rs13281615, and rs12443621), all samples were genotyped using the TaqMan allelic discrimination assays with an ABI PRISM 7900 Sequence Detection System (Applied Biosystems, Foster City, CA).
Quality control protocols for genotyping assays have also been described elsewhere (9) . In the assays using Affymetrix SNP arrays, each 96-well genotyping plate included one negative control (water only) and three positive quality control samples purchased from Coriell Cell Repositories (Camden, NJ). Genotyping data from these three quality control samples, each genotyped approximately 45 times, showed an average concordance rate of 99.85%. In the assays using the Sequenom or the TaqMan assay, each 96-well plate included two negative controls (water only), two sets of blinded study samples, and two genomic DNA samples selected from subjects of European (n = 60) or Chinese (n = 45) ancestry obtained from the HapMap project. The mean concordance rate was 99.6% for the blinded study samples and 100% for the HapMap samples compared with data from the HapMap project in the Sequenom assays and 96.7% for the blinded study samples and 99.3% for the HapMap samples compared with data from the HapMap project in the TaqMan assays.
Statistical Analysis
Included in this study were 3039 case patients and 3082 control subjects whose DNA samples were successfully genotyped. Differences between case patients and control subjects in selected demographic characteristics and established risk factors were compared using Student t tests (for continuous variables) or x 2 tests (for categorical variables). Relative risks were estimated using odds ratios (ORs) and 95% confidence intervals (CIs) that were derived from logistic regression with adjustment for potential confounding factors, including age, education level, and SBCS recruitment phases. A genetic risk score to measure the cumulative effect of multiple genetic risk variants was created using the equation
, where k is the number of SNPs replicated in this study and b i is the regression coefficient for SNP i that was derived from a logistic regression model. Nonlinear associations between the genetic risk score and breast cancer risk were evaluated in logistic regression that included nonlinear terms created with the restricted cubic spline function (23) . A logistic regression model that included the genetic risk score, age at menarche, age at first live birth, waist-to-hip ratio, a previous diagnosis of benign breast disease, history of breast cancer in a first-degree relative, body mass index, and parity was used to examine independent associations of these factors with breast cancer risk. Potential interactions between any two of the independent variables were evaluated using likelihood ratio tests by comparing models with and without the interaction terms.
A risk assessment model was constructed by including only factors that were independently associated with breast cancer risk to maintain parsimony. The internal validity of the model was evaluated using a bootstrap method (24, 25) involving 2000 replications to adjust model regression coefficients for potential overfitting. A detailed description of the bootstrap procedure is provided in the Supplementary Methods (available online). Model performance was evaluated using the area under the receiver operating characteristic curve (also known as a concordance [or c] statistic) (26) . The added predictive value of a particular predictor was evaluated by comparing models with and without the predictor with regard to their c statistics (26) and the integrated discrimination improvement (27) . The difference in c statistics between two models was tested using a nonparametric Mann-Whitney U test described by DeLong et al. (26) . The integrated discrimination improvement was evaluated using a simple asymptotic Z test that was proposed by Pencina et al. (27) . These two statistics were calibrated using the same bootstrap procedures described above.
We used an approach similar to that described for the Gail model (12, 28) to estimate the absolute risk of breast cancer according to the risk factors that a woman carried. We did not use the Gail model, which was established using data from studies conducted in the United States, because it may not predict breast cancer risk well for women living in Asia given that the strength of the association for breast cancer risk factors may differ by race and the age-specific incidence rates for breast cancer are lower in China than in the United States. Furthermore, because mammographic screening is not as widely used in China as in the United States, data on certain predictors, such as the number of breast biopsies, are not available for most Chinese women. Model parameters included the bootstrap-calibrated relative risk of breast cancer associated with the genetic risk score and traditional risk factors estimated from the SBCS and the age-specific breast cancer incidence and mortality rates in urban Shanghai during 2002 and 2003, the latest available data at the time of the study (Supplementary Methods, available online). Reclassification measures described by Cook and Ridker (29) were used to evaluate the improvement of adding the genetic risk score to a model that included traditional risk factors only.
To evaluate the utility of risk assessment models for stratifying risk at the population level, we estimated the proportion of breast cancers in the general population that could be accounted for above a given risk threshold as predicted by models that included the genetic risk score alone, traditional risk factors alone, or both the genetic risk score and traditional risk factors by using the approach described by Pharoah et al. (11, 30) .
Detailed descriptions of the methods we used to establish risk prediction models and to evaluate a model's utility in risk stratifications are provided in the Supplementary Methods (available online). All statistical tests were two-sided, and a P value equal to or less than .05 was considered statistically significant.
results
Case patients and control subjects were comparable with respect to age because of the age frequency-matched design of this study (Table 1) . With the exception of hormone replacement therapy use, all established breast cancer risk factors differed statistically significantly between case patients and control subjects. However, very few women in the study population reported ever using hormone replacement therapy. These results were similar for all SBCS subjects, including those who did not provide a genomic DNA sample and thus were not genotyped for the current study ( Table 1) .
Six of the 12 breast cancer-associated SNPs identified in previous genome-wide association studies (ie, rs2046210, rs1219648, rs2981582, rs3817198, rs8051542, and rs3803662) were statistically significantly associated with breast cancer risk in this study at P less than or equal to .05 (Table 2) . Associations with two additional SNPs were of borderline statistical significance (rs889312: P = .053; rs10941679: P = .097). SNP rs13281615 (P = .145) also showed an association with cancer risk that was consistent with the association reported previously (4) . Therefore, we considered these nine SNPs for construction of a genetic risk score. Of the two SNPs located in the FGFR2 gene that are in strong linkage disequilibrium (r 2 = .69), we selected rs1219648 for inclusion in the genetic risk score because it showed a stronger association with breast cancer risk than rs2981582 when both SNPs were included in the same model. We selected two of the three SNPs located in the TOX3 gene (ie, rs8051542 and rs3803662) for inclusion in the genetic risk score because each was associated with the risk of breast cancer after adjusting for the other. These two SNPs are * CI = confidence interval; OR = odds ratio. † Chromosome base position according to the National Center for Biotechnology Information database, build 36. ‡ Risk allele/reference allele, as initially reported (based on the forward strand). § Odds ratios for each SNP were estimated separately from a logistic regression model with adjustment for age, education level, and recruitment phases in the SBCS (I and II).
|| P values for trend (two-sided) were derived from trend tests (df = 1). ¶ Also known as TNRC9, as reported initially.
located 52 kb apart from each other on chromosome 16q12 and display very weak linkage disequilibrium (r 2 = .08). In total, eight SNPs were used to construct the genetic risk score, which had values that ranged from 0 to 1.62 (mean = 0.69). The strongest association was found for rs2046210 (per-allele OR = 1.26, 95% CI = 1.17 to 1.35). Other SNPs, however, were each associated with elevated risks of 16% or lower. When these eight SNPs were combined to form the genetic risk score, we observed a linear association between the score and breast cancer risk (Supplementary Figure 1, available online) .
We next evaluated associations between breast cancer risk and the genetic risk score (based on its quintile distribution in the control subjects) and established risk factors (Table 3) . Compared with women who were in the lowest quintile of the genetic risk score, women in the highest quintile had a 1.85-fold (95% confidence interval = 1.58-to 2.18-fold) elevated risk of breast cancer (P trend = 2.5 × 10 215 ). The magnitude of the association with the genetic risk score was virtually unchanged after adjusting for five established risk factors that each also showed a highly statistically significant association with the risk of breast cancer. There was no apparent interaction between any two of the six variables shown in Table 3 or between any one of these variables and age or menopausal status, nor was there an interaction between body mass index and menopausal status (data not shown). Furthermore, body mass index was not associated with the risk of breast cancer after adjusting for waist-to-hip ratio. Parity was also not associated with the risk of breast cancer after adjusting for age at first live birth. Therefore, neither body mass index nor parity was further evaluated in the risk assessment model.
To estimate the relative risk of breast cancer for a woman with a given combination of risk factors, we constructed a logistic regression model that included the genetic risk score and the five established risk factors, which was expressed as follows: OR = exp (0.14463 × genetic risk score + 0.36447 × waist-to-hip ratio + 0.53218 × benign breast disease + 0.18190 × age at menarche + 0.22379 × age at first live birth + 0.42243 × family history of breast cancer). To correct potential overfitting, we adjusted model parameters using bootstrapping (Table 4) . The values of these adjusted parameters were almost the same as those estimated from the unadjusted analysis, indicating that there was little overfitting of the model.
The adjusted c statistic for the full model described above was 0.6295, which was slightly lower than that derived from unadjusted analyses (0.6335). The contribution of the genetic risk score to the model, as measured by the reduction in adjusted c statistic from the full model, was 0.0117 (Table 5) , which, along with a previous diagnosis of benign breast disease (reduction in adjusted c statistic = 0.0175) and waist-to-hip ratio (reduction in adjusted c statistic = 0.0276), was among the three strongest predictors in the model. The corresponding reduction in c statistics for the other three predictors included in the model were 0.0070 for age at first live birth, 0.0052 for age at menarche, and 0.0016 for a family history of breast cancer (Table 5) . Analyses using integrated discrimination improvement provided results consistent with those using decreases in the c statistics.
Using the relative risks estimated in this study and the age-specific breast cancer incidence and non-breast cancer mortality rates for urban Shanghai, we estimated the probabilities of developing breast cancer over a specific time period for women at a given age and relative risk of breast cancer (Supplementary Table 2 , available online). For example, the probability of developing breast cancer for a woman aged 50 years with a relative risk of 5 would be 1.58% for the next 10 years and 2.97% for the next 20 years.
We also examined the improvement in risk classification that would result from adding the genetic risk score to a model that included the established risk factors only ( Table 6 ). Assuming that women with a 10-year risk of breast cancer of 1.5% or higher would be recommended for a cancer screening, the full model The distribution of the log relative risks of breast cancer estimated using the model that included the genetic risk score and the established risk factors was approximately normal, with an SD of 0.45 (Supplementary Figure 2, available online) . Women in the highest 20% of this risk distribution had a relative risk of 3.54 compared with women in the lowest 20% of the risk distribution. We also found approximately normal distributions for models that included the genetic risk score only (SD = 0.21) or the established risk factors only (SD = 0.41) (data not shown). On the basis of these distributions, we estimated that approximately 37.7% of breast cancer cases in the general population would be found among those at the top 30% risk threshold as defined by the genetic risk score (Model A) and 45.6% of breast cancer cases in the general population would be found among those at the top 30% risk threshold as defined by established risk factors (Model B) ( Table 7 ). The prediction accuracy would be further improved using the full model that included both the genetic risk score and established risk factors, and approximately 47.0% of breast cancer cases in the general population could be found in the top 30% risk group as defined by the full model (Model C). In other words, a screening program that targets women who are in the top 30% risk group as predicted by the full model would capture approximately 47% of breast cancer cases in the general population, a 56.7% improvement in case finding compared with a screening program that did not include risk assessment.
Discussion
To our knowledge, this is the first study to systematically evaluate the association between 12 SNPs identified in recent genome-wide association studies of breast cancer and the risk of breast cancer. Using data from the SBCS, a large population-based case-control study that included 6122 participants, we found that most of the SNPs identified in previous genome-wide association studies conducted among women of European ancestry are also associated with the risk of breast cancer among Chinese women. These results extend findings from previous genome-wide association studies to another ethnic group and provide additional support for associations between these SNPs and the risk of breast cancer. Furthermore, data from this study may help to guide fine mapping efforts to identify causal variants for breast cancer. We have also shown that the genetic risk score, an aggregate measure of the combined effect of multiple genetic risk variants, is among the strongest predictors identified thus far for breast cancer. Although the genetic risk score had moderate discriminatory accuracy, it in combination with established risk factors for breast cancer showed promise for risk assessments to stratify women into high-vs lowrisk groups, which could then be targeted for cost-efficient cancer prevention.
Asian women have been underrepresented in previous genomewide association studies. Two previous studies (4,6) included some Asian women in their replication stages, and results for three (rs2981582, rs3803662, and rs889312) of the five SNPs evaluated in Asian women were replicated (4). The sample size for Asian women included in these studies, however, was small, and the results were not conclusive. We have shown for the first time, to our knowledge, that three other SNPs (rs10941679, rs3817198, and rs8051542) reported initially as being associated with the risk of breast cancer among women of European ancestry are also associated with breast cancer risk among Asian women. Although results for eight of the 11 SNPs initially identified in women of European ancestry were replicated in our study, the strength of the associations in Asian women was, in general, weaker than those reported previously. Furthermore, results for three SNPs previously found to be associated with breast cancer risk among women of European ancestry were not replicated in this study. One of these SNPs, rs13387042, was also not replicated in the Asian samples included in the original study (6) , and the other two SNPs (rs218034 and rs12443621) have not been evaluated previously in any other Asian populations. The lack of an association with some SNPs in Asian women and the weaker association with some other SNPs in Asians compared with Europeans are perhaps not surprising given that most, if not all, of the SNPs identified by genome-wide association studies are associated with breast cancer risk through their strong linkage disequilibrium with causal variants and there are differences in the genetic architecture between women of Chinese and European descents. Of the 12 SNPs evaluated in this study, the strongest association was found for rs2046210, for which there was a 26% elevated risk of breast cancer with each risk allele. However, the other SNPs were, in general, weakly associated with the risk of breast cancer, with each allele conferring elevated risks of 16% or lower. An SNP that confers such a small to moderate risk has limited utility in risk assessment when it is considered alone. By contrast, the genetic risk score, an aggregate measure of the risk associated with multiple risk variants, was one of the strongest predictors included in our risk assessment model. Addition of the genetic risk score to the risk assessment model provided a small but meaningful improvement in the discriminatory accuracy as measured by using the c statistic, which is an insensitive measure of the improvement in risk prediction when a new predictor is considered (27, 31, 32) , as was the case when any other predictors, such as a family history of breast cancer and a previous diagnosis of benign breast disease, were added. Nevertheless, this score, in combination with established risk factors, appeared to be promising in identifying highrisk women who should be targeted for prevention programs.
We found that a model that included the genetic risk score alone did not provide a better risk prediction than the model that included all established risk factors. However, with the exception of rs2046210, all other breast cancer-associated SNPs were initially identified in studies conducted in women of European ancestry, and these SNPs, in general, showed a weaker association with breast cancer risk in Asians than in Europeans. It is likely that these breast cancer-associated SNPs may perform better for risk prediction in European populations than in Asian populations. Furthermore, the genetic risk variants included in this study were identified after 2007, and additional genetic risk factors, particularly those unique for Asian women, are likely to be discovered, which could further improve the discriminatory accuracy of breast cancer prediction models. An obvious advantage of including genetic variants in risk assessments is that they can be accurately measured at any time during a person's life. By contrast, some established risk factors, such as waist-to-hip ratio and reproductive history, are prone to measurement error. Furthermore, the data for certain established risk factors may vary with the time window of measurement. For example, the probability of being diagnosed with benign breast disease or of having a family history of breast cancer may increase as a woman ages; thus, these predictors need to be constantly updated. Although the cost to generate SNP data has decreased dramatically over the past few years and further cost reduction is expected in the coming years, the costs of genotyping as well as costs related to sample collection and processing should be considered in any program that will incorporate genetic markers in risk prediction. Furthermore, given the substantial role of traditional risk factors in risk assessment, it will be important for risk assessment programs to obtain information on these predictors.
This study has several limitations. With a c statistic of 0.6295, the full risk assessment model established in this study provided only moderate discriminatory accuracy, which would be inadequate for cancer diagnosis and screening. Furthermore, the absolute risk provided by the model was based on breast cancer incidence and total mortality data from Shanghai, which would be applicable only to populations with comparable rates. However, this study demonstrates the value of using both genetic and traditional predictors in risk stratification at the population level. For example, a screening program that targets women in the top 30% of risk as predicted by the full model could identify approximately 47% of breast cancer cases in the general population and would increase the number detected by 56.7% compared with a program with no risk assessment. This improvement could have substantial public health implications, particularly for a population in which no population-based screening program is available. Nevertheless, further improvement in model discriminatory accuracy will be needed to enhance the utility of the model in population risk stratification.
There has been a rapid increase in breast cancer incidence over the past few decades in many Asian countries (20) , including China (33), Japan (34), Korea (35) , and Singapore (36) . Breast cancer is now one of the most common malignancies diagnosed among women in many Asian countries (20, (33) (34) (35) (36) . It is predicted that this upward trend will continue with the economic expansion and lifestyle changes that are occurring in China (21) and other Asian countries, such as Singapore (37) . Although breast cancer screening programs are still in their infancy in most Asian countries, costefficient breast cancer screening programs are being explored in several countries (38, 39) . Given that the incidence of female breast cancer in many Asian countries remains less than a one-third that observed in most North American and European countries (20) , it would be difficult to justify the implementation of annual mammographic screening for all women at age 40 years, as recommended by the American Cancer Society, in Asian countries. Instead, a viable alternative approach may be to identify high-risk women who should be targeted for such screenings, particularly given the financial constraints in some Asian countries that prohibit implementing full-scale population-based breast cancer screening programs.
In summary, we have shown in this study that the majority of the genetic risk variants identified in genome-wide association studies of breast cancer conducted among women of European ancestry are also associated with breast cancer in Asian women. Although each of these genetic variants confers only a small to moderate increased risk of breast cancer, they are among the strongest predictors identified to date when considered in combination. Risk assessment models that incorporate both a genetic risk score based on these SNPs and the established risk factors for breast cancer may be useful for identifying high-risk women for targeted cancer prevention. As additional genetic variants are identified, we anticipate that the precision of risk assessments that use a combination of the genetic risk score and traditional risk factors will be further improved.
Supplementary Data
Supplementary data can be found at http://www.jnci.oxfordjournals .org/.
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